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A. INTRODUCTION AND CLASSIFICATION OF COMPLEXES 

This article is concerned with the role of heavy group 14 element carb_ene 
analogues MX, in transition metal (M’) chemistry (M = Ge, Sn or Pb; X is 
a bulky monohapto ligand: X = CHR,, NR,, OArR’ or SArB”‘; R = SiMe,, 
ArR’ = qH,Bu\-2,6-R’-4, R’ = H, Me or Bu’). Various types of complexes, 
many of them containing an M’-M bond, may result from reactions 
between the germylene, stannylene or plumbylene MX, and the transition 
metal compound L,M’-X’, as illustrated in Scheme 1. Thus MX, may 
behave in one of seven principal ways, designated Type 1 to Type 7: MX, 
may act as either a terminal (Type 1) or bridging (Type 2) l&and; it may 
insert into an M’-X’ bond thus generating the new l&and MX,X’ (Type 
3); it may behave as an N-centred nucleophile with respect to a compound 
containing an M’-H bond, thus generatinr a new MX, species in which 
X = M’L, (Type 4); it may act as an X transfer reagent (Type 5); if 
X = NR, (R = SiMe,), it may oxidatively add to a low oxidation state M’ 
centre by virtue of a C-H bond in M(NR,), with concomitant cyclometalla- 
tion (Type 6); or it may function as a reducing agent (Type 7). 

In Tables 1 and 2 we summarize data on transition metal complexes 
derived from various MX, precursors; typical syntheses are illustrated in 
Schemes l-9 and eqns. (l)-(4). 

There have been three reviews dealing with transition metal complexes 
based on MX, [l-3], of which two have dealt explicitly with the role of 
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MX, as precursors for their complexes with transition metals [1,2]. Excluded 
from Tables 1 and 2 are_ complexes containing (i) SnHal,, e.g. 
[SnCl,{Co(CO),},] [16]; (ii) SnHal,, e.g. [PtCl(PEt,),(SnCl,)] and their 
germanium(I1) or lead(I1) analogues [17]; and (iii) a base adduct, e.g. 
[Cr(CO), { GeBr,(NMe,)}] [18]; these are well documented elsewhere [3,19] 
and fall outside the scope of the present work. Also excluded are complexes 
(iv) prepared from an M(IV) precursor (M = Ge, Sn or Pb) by either 
reduction, e.g. [Fe(CO),{ SnPh,(THF)}] [20], or oxidative addition, e.g. 
[~tCl(~~h,),{~n(CH,Ph),C1)1 PI; ( 1 v containing a polymeric group 14 
metal-centred ligand, e.g. [W(CO),{Sn(OH),}], [22]; and (vi) containing a 
porphyrinato-M ligand, e.g. [Mn(CO),( p-Hg)Mn(CO),{ Sn(tpp)}] (tpp = 
tetraphenylporphinato) [58]. Some exceptions to the exclusions (i)-(vi) are 
made for X-ray characterized complexes. 

The sole monomeric MX, precursors (x being a monohapto ligand) 
which have been used as sources of transition metal complexes have been 
those in which X = CHR, (a monomer in solution), NR,, OArR’ or SArBU’ 
(R = SiMe,; ArR’ = C,H,Bu$2,6-R’-4, R’ = H, Me or Bu’). Apart from the” 
work by Cardin and collaborators (Scheme S), such chemistry has emerged 
exclusively from our laboratory. (Added in proof: The paper by Veith, Stahl 
and Huch [81] reports on rhodium(I) complexes of SnN(Bu’)SiMe,NBu’ in 
which there is unusual Cl- bridging of adjacent tin atoms.) 

The first heavy group 14 element carbene analogue (“metylene”)-derived 
transition metal complex was [Cr(CO),{MX,(THF)}] (MX, = GeMez, 
SnMe, or SnBu~), obtained in 1971 [7]. Such a complex is classified in 
Tables 1 and 2 as being of Type 1’. Related complexes may have the base 
stabilization provided by intramolecular neutral donor ligation, with M 
being in either a four-coordinate environment, as in [Cr(CO),- 
{ Sn(SCH,CH,) &Bu’ > 1 Fl, or a five-coordinate environment, as in 

[Pt(PPh,),{S ( n acac),}] (acacH = MeCOCH,COMe) [8]. The first Type 1 
complex derived directly from an MX, precursor was [Cr(CO),{ Sn- 
(CHR,),}] (R = SiMe,) [28], reported in 1974. A rather special case of a 
complex bearing a terminal MX, ligand is one in which there is a short 
bond between a ligand attached to the transition metal and M; we refer to 
this as a Type 1” complex, and it is exemplified by cis-[Rh(Cl)(PPh,),{ Sn- 
(NR,),}] in which there is a close Cl. . - Sn interaction; this was described 
in 1988 [68]. 

There are several complexes having MX, as a bridging ligand; the atom 
M can then be regarded as having become tetravalent. The Type 2 com- 
plexes [(M’(CO){ PM(NR~)~})~] (M’ = Pd or Pt, M = Ge or Sn) were 
reported in 1985 [70]; they were obtained by treating the appropriate Type 1 
precursor [M’{ M(NR,),} 3] with carbon monoxide. 

A coordinated MX, moiety may not only be stabilized by a neutral but 
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also by an anionic base x’; the ligand MX,X’ results from insertion of 
MX, into a transition metal (M’) M’-X’ bond. The first such Type 3 
complex derived from an MX, precursor was [Mo( q-C,H,)(CO) 3- 
{ Sn(CHR,),X}] (X = H or Me), described in 1974 [28]. 

Attempts have been made to obtain a dimetallastannylene or dimetalla- 
plumbylene MX, in which X = M’L, (Type 4 behaviour). The only com- 
pounds that have been made and well characterized to date in which the 
metal M has an open-shell configuration are the lead(I1) species of Scheme 
5; the crystalline complexes have three-coordinated lead, and included 
Pb[MoCp*(CO),],(THF) (there is evidence for the isoleptic Sn compound 
[75]) and {Pb[MoCp*(CO),],}, (Cp* = v-C,M%); they were reported in 
1987 [9]. Other two- or three-coordinate main group 14 metal-M’L, com- 
plexes are known in which M is in oxidation state + 4, such as compounds 3 
or 4 ([Mn] = [Mn(r)-C,H,Me)(CO),]) [54]. It is not inevitable that com- 
plexes of type [M(M’L,),] have a cyclic three-membered M’MM’ ring 
structure; indeed acyclic analogues have been made, one of which (see Fig. 
1) is of mixed-metal type [69]. 

As the ligand 31 in MX, is in principle capable of acting as a leaving 
group, it is possible that a compound MX, may behave as an x transfer 
reagent (Type 5 behaviour). The reaction between the tin(I1) amide and 
[Ni(acac),], illustrated in Scheme 1, was established in 1987 [13]. 

R 
N 

Me$i 

I 
‘\ 

mR2 

CH2 

\/\ 

NR2 

Ir /s ,./“NR 

(R2N)ZGe// \a’\ 
H \ \ H 

CH2 -biMy 

1 

[Mn] =Gc=[Mn] 

3 
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Compound 1 is made from [{ Ir( q-CsH&( P-Cl)} .J and Ge(NR,),; 
treating 1 with carbon monoxide generates a further complex, 2; both 
exemplify Type 6 behaviour, as noted in 1986 1141. 

That a metylene may function as a chlorine-atom-abstracting reagent 
(Type 7 behaviour) in a transition metal context was first observed in 1985 
1121; thus [Sn(CHR,),Cl]z was one of the products isolated from [{ PtCl( p- 
Cl)(PEt,)},] and Sn(CHR,),. 

B. SYNTHESIS OF METYLENE-BASED TRANSITION METAL COMPLEXES 

Typical reactions of a metylene MX, with a transition metal substrate 
[M’L,X’] are illustrated in Schemes 2-8. The most intensively studied 
reactions refer to the amides M(NR,), (R = SiMe,). In Scheme 2 selected 
[M’L,X’] substrates are shown with M’ ranging from a group 3 to a group 
10 transition metal, in low or high oxidation state. It is envisaged that the 
reaction pathway leading to any product of Scheme 2 invariably involves an 
initial Type 1 complex 5; however, 5 may undergo rearrangemEt to yield 
the Type 3 isomer 6, as a result of a 1,2&ift of an anionic ligand X from the 
outer or inner coordination sphere of the transition metal M’ to M (eqn. 

(1)): 
either 

[M’L,X’] + M(NR2)Z 

iz 

[M’L,, {MWR2h]]X’ 

sa \ 
IM’L,AMWRZ)ZX’]] 

or 6 
[M’L, UWa2)z)x’l 

(1) 

The transformation M(NR,) 2 + 6 is a carbene-like (or CO-like) insertion 
of MX, into an M’-X’ bond. The M(NR,), reactions leading to 5 or 6 
demonstrate the ability of MX, to act as a metal-centred nucleophile or 
substrate for insertion (Type 1 or Type 3 behaviour respectively). The 
former mode shows that MX, has a transition metal reactivity analogous to 
that of a tertiary phosphine or carbon monoxide. 

The fact that MX, may function as a bridging ligand (Type 2 behaviour) 
shows a further analogy with CO. The metylene MX, in its Type 2 reaction 
may also be considered as acting as a reducing agent, in the sense that an 
M(I1) precursor is converted into an M(W) product. A clearer example of 
MX, as a reducing agent, although concomitantly as a l&and, is illustrated 
in eqn. (2) [70]: 
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A germanium or tin amide M(NR,), may function as an addendum for 
oxidative addition to a low oxidation state transition metal substrate (cf. 
s+ a- 
H-A oxidative addition and cyclometallation) whereby MX, gives rise to 
a new hybrid bidentate ligand such as R,N(Cl)MN(R)SiMe,cH, or 
R,NMN(R)SiMe,cH,, each of which may behave in either a bridging or a 
chelating fashion (see 1 and 2 [14]). A further example of such Type 6 
behaviour is shown in eqn. (3) [68]: 

i [ { I+4 (p-cl) } 2] 2s~~~~~)2 ) 

[ir{ SnCl(NR,)N(R)SiMe$H~} (cod)H{ Sn(NR,),}] (3) 

Routes to dimetallaplumbylene complexes from Pb(NR,), are illustrated 
in Scheme 5 [9]. Of the compounds listed, two have been X-ray char- 
acte*d, Pb[MoCp*(CO),],(THF) and {Pb[MoCp*(CO),][MoCp*(CO),- 

(&O)]}, (0, Pb) (Cp* = &Me,; THF = OC,H,), both of which contain 
a three-coordinate lead atom. In the latter compound there are unusual 
isocarbonyl-Pb bonds, as illustrated in Fig. 2. Attempts to make the tin 

M = Ge or Sn 

KNUr-NR2)(@=)hl 

+ 

$Sr 

P’W’WW2~~1 

/ 
WWM,, pt,c’ \ pt,pE’3 

IP~P(tm2Xl 

F.t3P’ ’ CI’ ‘MCI(NR2h 

i 

]F=CP(C%~S~(NR~)~X)I [Mn(CG)SDBr(NRh)l 

]Pt(M(NRdzbl 

X = F. I, or Me 

Scheme 2. Some transition metal (M’) reactions of M(NR,), (R=SiMe,, Cp =q-C,H,, 
All = T&H,, nbd = norbomadiene, cod = cycloocta-1,5-diene, acacH = acetylacetone) (from 
ref. 1 unless otherwise stated). 
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]RhaPPh3)31 
MX -___) 2 cis-[RhCl(MX2)(PPh3~] [MX2 = Sn(NR2)2, Ge(NR2)2, Sn(CHR2)Z. or Sn(OAr)2] 

MX2 = Sn(NR2)2 

I . 

FWWWJppe)l rrm-[Rh(CO)CI(PPh3)2] 

cis-[RhCl(PPh3)2(Sn(OAr)2}] 

I~(~Mdppe)WCKNR2~)1 rrans-[Rh(CO)(PPh3)2{SnCl(NR2)2}] (unstable) 

Scheme 3. Some phosphinerhodium(1) complexes derived from MX, (MX, = Sn(NR,),, 
Ge(NR,),, Sn(CHR,), or Sn(OAr),; dppe = (Ph,PCH,),, R = SiMe,, Ar = GH,Bu$2,6) 

WI. 

PmawP~w=2)2~1 -_ [RhWd)cWl + SnWW2 

1 LIa [Rh(eod)(LMeHsnMe(NR2)2)) 

SnPJR2)2 

1 

[(Rh(codKC-Sn(NR2)_}{SnCI(NR2)2})11 

Scheme 4. Some cycloocta-l,Wienerhodium(I) complexes derived from Sn(NR,), (R = 
SiMe,, L”” = :CN(Me)(CH,),NMe) [68]. 

THF 

Pb(NR2h - PblM~p*KO)312WCqH~); Cp* = Cp. cp*, or cp” 

I\ 

WCP*WO)~HI 

THF 

(cp* = cp*, Cp”, or Cp) 

.?fPb]M~p*(~)3]2)2 Pb[MoCp+(CO)3]2; Cp* = Cp. Cp*, or Cp” 
(sdii state) PhMe (C@ = Cp*) (solution state) 

Scheme 5. Routes to some Pb(II)-Mo(0) complexes from [MoCp*(CO),H] and Pb(NR 
(R = SiMe,, Cp - qC,H,, Cp* = q-C,Me,, Cp” = q-C,H,R,-1,3) [9]. 

.2> 2 
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*x-Ray 
via ClSn-Sy[M]2 

Cl 
Scheme 6. Interaction of SnCl, and [MCp(CO),]- (M = MO or W, [MO] = [MoCp(CO),], 

WI = w-xW,l) i751. 

analogue from Sn(NR,), (R = SiMe,) failed, probably because the inter- 
mediate dimetallastarmylene was unstable with regard to oxidative addition; 
the isolated compounds were the hydridotrimetallatin(IV) complexes 
(Scheme 7) [75]. Alternative efforts at generating the dimetallatin(I1) com- 
plexes from SnCl, likewise led to tin(W) products (Scheme 6); in this case 
the reaction pathway might well have also involved a transient dimetallas- 
tannylene which rapidly underwent insertion into one of the Sn-Cl bonds of 
SnCl,. 

A similar type of isocarbonyl-metal interaction has been found in some 
polycarbonylchromium(0) and polycarbonyl-iron(O) complexes in which 
Sn[FeCp(CO),], (abbreviated as SnFp,) may be considered as the putative 
dimetallastannylene intermediate [69]; details are shown in Scheme 9. 

C. REACTIONS 

Various reactions of a complex containing a coordinated stannylene or 
stannate(I1) anion are shown in Schemes 3, 5 and 9. These include the 
conversion of a rhodium(I)-coordinated Sn(NR,), complex to the corre- 
sponding Sn(OAr), derivative by treatment of the former with the phenol 
ArOH (Ar = qH,Bu\-2,6). Such a reaction represents a nucleophilic dis- 
placement at tin in a Type 1 complex. Similar nucleophilic substitutions, but 
in Type 3 complexes, are illustrated in eqn. (4) (X’ = F (via [NBu”,]F), OMe 
(via NaOMe) or H (via K[BHEt,])) [30]. [FeCp(CO),{Sn(CHR,),H}] un- 
derwent H/Cl exchange at tin by reaction with aqueous HCl or PhCOCl 
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Sn(NR,), 

SdM’), 
IM’I-H 

Vi* P 

HSnIYol, 

HSnIMo”l 3 
x-ray 

HSnIWl, 

HSnIRul, 

HSnIY’l, 

Scheme 7. Interaction of Sn(NR,), (R - SiMq) and a transition metal hydride 
[M’Cp(CO),H] (M’ = MO or W), [M~(v&H,R,-~,~)(CO)~H] or [RuCp(CO),H] (abbrevia- 
ted as [M’fH, [Mo”fH and [RufH respectively). Reaction conditions: i, GH,,, 25°C; ii, 
C,H,,, reflux [75]. 

(also yielding PhCHO) [30]: 

[FeCp(CO),{Sn(CHR,),I}] .~[PeCp(CO),{Sn(CHR,),X’ )] (4) 

The conversion of a Type 1 complex into a Type 2 complex by reaction of 
the former with CO has already been cited in the context of the transforma- 
tion of [M’{M(NR,),},] into [(M’{~M(NR,)2}(C0)),] (7) (M’ = Pd or 
Pt, M = Ge or Sn) [15,25,70]. Likewise the Type l/6 complex 1 was 
converted with CO into the Type 3/6 complex 2 [14]. 

Scheme 8. Reactions of SnR> (R’ = CHR2, R = SiMe,, dppm - Ph,PCH2PPh, with some 
carbonyltrimetalk clusters of Fe, Ru or 0s [11,61(a),61(b),62]; * X-ray. 



Fp2Sn ’ o 

I \ 

(Oc’T C 

C 

'0 
1 

\s”/ Fe(Co 
FP~ 

d lb 

Fen---O 

I \ 

WJ4Cr C 
f 

ZK[Fp] - ’ 
5 cl I 

‘“\S”~cr(co 
FP~ 

IWCOk(SnF@)l s [F~(CO)~W’FP~WY)]I KW33)5PnF~2)1 

Scheme 9. Some polycarbonylchromium(O) and polycarbonyIiron(0) SnFp, complexes (Fp = 
[Fe(&H,)(CO),]) [69]. Reagents: a, Na2[Fe(C0)4]~1,5-dioxane; b, Na,[Cr(CO),]; c, 
FhMe; d, -PhMe; e, py; f, [Cr(CO),(SnCl,(THF)}]. 

R’ = Me 
b 

GH%h 

ySn. s 

Et2NC 
/ sN k/S\\wiS \ CNEt 
\S/ .CI xsl * 

NEt2 

10 

The complexes 7 underwent reversible one-electron electrochemical reduc- 
tion in tetrahydrofuran at approximately - 1.2 V to yield ESR-characterized 
reduction products containing, in the case of the tin compounds, a Pd,Sn, 
or Pt ,Sn, core [25]. This was established by analysis of their frozen solution 
ESR spectra, the samples being generated by controlled potential electrolysis 
of 7 in the cavity of the spectrometer. 

The dithiocarbamatotungsten(I1) complexes 8, containing a dialkylstan- 
nylene ligand, were partially desulphurized to yield the remarkable X-ray 
characterized complexes 9 and 10 (eon. (5)) [69]. 

D. STRUCTURE AND BONDING 

The X-ray structures of some representative complexes are shown in Figs. 
1-7. These include two examples showing the metylene ligand functioning in 
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Fig. 1. X-ray structure of [{Cr(C0),(@b)}(SnF~p,)],. 2PhMe (0,Cr) (toluene solvent not 

shown: Fp = [F~(T&H&CO),]) [69]. Selected structural data: Cr-Sn 2.624(l) A, Fe-Sn 
2.570 (1) and 2.550(2) A, Sn-0 2.976(7) A, Cr-CO(p) 1.862(9) A, p-C-0 1.166(2) A; 
Cr-Sn-Fe 121.81(S)” and 121.46(4)O, Fe-Sn-Fe llZ~74(4)~, 0-Sn-Cr 98.5(l)“, Sn-O-C 
169.4(7)O, Cr-C-O@) 176.9(6)O. 

a Type 1 fashion (Figs. 1 and 5). Figure 3 illustrates the structures of two 
Type 1” complexes [76,77]; although these are formally of structure cis- 
[RhCl{M(NR,),}(PPh,),], they nevertheless reveal a rather close Cl - - - M 
(M = Ge or Sn) interaction. Figures 4 and 6 exemplify structures of Type 3 
complexes, while Fig. 7 refers to one of Type 2. X-ray data on a Type 4 
complex are shown in Fig. 2 and similar information is also available for the 
Type 6 species 1 and 2 [14]. 

From Table 2 it is evident that X-ray data are available on complexes 
other than those having a bis(amido)metylene precursor, including 
M(CHR,), and M(OArMe)* (R = SiMe,, ArMe = GH,Bu\-2,6-Me-4). 

In Table 3 selected results are given on some typical [M’(MX,)L,] 
complexes having X = CHR,, NR, or OAr Me; for comparison similar data 
are provided on the parent monomeric metylene MX,. It can be noted that 
there is no monotonic trend in either the XMX angle or the M-X bond 
length as between MX, and [M’L,(MX,)]. 

l19Sn NMR chemical shifts of various %X,-derived complexes are listed 
in Table 4. They are of considerable diagnostic value, although no interpre- 
tation of these data is proposed at this time. 
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Fig. 2. X-ray structure of {Pb[MoCp*(CO),][MoCp*(CG),(a-C0)]}2 (0,Pb) (Cp* = TJ- 
C,Mq) [9]. Selected structural data: Mo-Pb 2.935(l) and 2.989(l) A, Pb-0 2.918(8) A; 
Mo-Pb-Mo 120.71(2)O. 

Fig. 3. X-ray structure of cis-[RhCl{M(NR,),)(PPh,),] (M = Ge [76] or Sn [77], R = SiMe,) 
[68]. Selected structural data for M = Ge (M = Sn in parentheses): Rh-M 2.391(l) (2564(l)) 
A, Rh-Cl 2.388(3) (2.418(3)) A, Rh-P 2.218(3) and 2.335(3) (2.210(2) and 2.296(3)) A, M-N 
1.881(8) and 1.849(9) (2.085(7) and 2.058(7)) A, MO . *Cl 2.723(4) (2.743(3)) A; M-Rh-Cl 
69.46(9) o (66.74(6) o ), M-Rh-P 103.47(9)’ and 157.42(9) o (103.46(7) o and 156.83(7) o ), 
Cl-Rh-P 1709(l) o and 88.5(l) o (168.86(9) o and 90.64(9) o ), P-Rh-P 99.0(l) o (99.51(9) o ), 
Rh-M- . .?I 55.23(7)” (54.07(5)O), N-M.. .Cl 119.8(3)O and 91.3(3)O (117.9(2)O and 
91.9(2) o ). 
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Fig. 4. X-ray smcture of rRhcS”XPEt3,(SnC~~z),)j (R = Siie,) [68,78]. Selected strw- 
ural data; Rh-Sn 2.647(1)0A, Rh-P 2.318(l) A, R&C ~.180(5), 2.189(S), 2.229(5) and 
2.252(S) A, Sn-Cl 2.449(l) A, Sn-N 2.120(4) and 2.099(4) A; Sn-Rh-P 91.3(1)O, P-RI&C 
893(X)*, %.O(l)“, 167.0(2)O and 157.1(1)“, Rh-Sn-N 113.7(1)O and 123.6(l)*, Rh-Sn-Cl 
114.5(1)0, Cl-Sn-N %.3(1)O and 95.3(l)*, N-h-N 108.7(l)“. 

Fig. 5. X-ray structure of [Pd{Sn(Nl$)2)3] (Rg SiMe,) [70]. Selected structural data: 
Pd-Sn 2.533(l), 2.540(f) and 2.517(l) A; Sn-Pd-Sn 118.82(4) O,. 120.7864) * and 120.40(4) O. 
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Fig. 6. X-ray structure of Irans;[Pd(CNBu’),{Sn$I(NR,),},] (R = SiMe,) [13].0Selected 
structural data: Pd-Sn 2.636(l) A, Pd-C 1.978(l) A, Sn-N 2.083(7) and 2.075(8) A. Sn-Cl 
2.406(3) A; Pd-Sir-Cl 112.57(7)“, Pd-Sn-N 121.9(2)” and 109.9(3)O, CI-Sn-N 93.9(2)” 
and 100.1(2) O. 

TABLE 3 

Comparative structural data for selected group 14 metal(H) compounds MX, and some of 
their transition metal complexes (A) a 

Compound MX, or (A) 

GeR> 
, 

~$%),(GeR’r)] 

O-C%@nR’dl 
Ge(NR& 
Sn(NR,), 
PWWR,),M 
]Pt{Sn(NR& I31 
Ge(GAr), 
Sn(GAr) r 
eq-[Fe(CG),{Ge(GA& II 
dWW4WGW2)1 

XMX (deg) 

107(2) b 
97(2) b 

102.8(2) 
98 

101($5) b 
96 , 104.7(2) 

107(l) 

104(l) 
92.0(4) 
88/l(2) 
93.5(2) 
92.2(2) 

(M-X) (A) Ref. 

2.04(2) b 71 
2.22(2) b 71 
1.98(2) 27 
2.18(l) lqa) 
1.89(l) b 72 
2.09(l) b, 2.09(l) 73 
2.08(2) 70 
2.1(2) 12 
1.8q2) 74 
2.01(2) 74 
1.777(8) 63 
1.974(15) 63 

a Abbreviations: R’ = CHR,, R = SiMe,, Ar = GH,Bu\-2,6-Me-4. 
b In the vapour (gas-phase electron diffraction); other data are for the crystal (X-ray). 
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Fig. 7. X-ray structure of [(Pt{ p-Ge(NR,),}(sO))J (R = SiMe,) [15,80]. Selected structural 
data: Pt-Pt, 2.735(2), 2.727(2) and 2.723(2) A, Pt-Ge 2.473(3), 2.482(3), 2.466(3), 2.481(3), 
2.473(4) and 2.479(4) A, Ge-N 1.87(2), 1.86(2), 1.89(2), 1.91(2), 1.88(2) and 1.93(2) A, Pt-C 
1.77(3), 1.78(3) and 1.88(3) A. 

From X-ray, NMR and IR data it is clear that in Type 1 complexes the 
MX, ligand can be regarded as being not only an effective u donor, but also 
a powerful Q acceptor. This is consistent with the complexes [Fe(CO),- 
{ M(OAr”‘), >] (M = G e or Sn) having the MX, ligand in the equatorial 
position in their trigonal bipyramidal structure [63]. They have the MO2 
plane of M(OAI-~“)~ tilted from the Fe(CO)&,,M plane by only 4.9 o for 
M = Ge or 5.2’ for M = Sn. Likewise in octahedral complexes, including 
[Cr(CO), { Sn(CHR,), }], the conformation of the MX, ligand is such as to 
maximize the possibility of r bonding to the transition metal (the plane 
containing the methine carbon atoms, tin and chromium is coplanar with the 
mutually axial COs and the CO ttans to tin) [lo]. 

From X-ray data for some rhodium(I) complexes, the relative truns 
influence appears to be LMe 2: PEt, > SnCl(NR,), >> cl (L”” = 
: CN(Me)(CH,),NMe) [68]. 
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